Improving water management in California requires a transition from imported to local water resources used efficiently. To assess this transitional capacity of water retailers in metropolitan Los Angeles County, we focused on a key water management metric: the water distribution efficiency. We traced the evolution of water loss reduction policy and practices globally with emphasis on California. California Senate Bills 1420 and 555 mandate annual water auditing and reporting for urban water suppliers. We surveyed and evaluated ten water retailers' approaches to monitor and reduce losses. Four of ten sampled water retailers monitored real losses, averaging 3-4% of total water supplied. Only three of ten sampled water retailers employed leak detection technology. Of the six sampled retailers with annual pipe replacement strategies, four retailers followed inadequate rehabilitation schedules. Most of the sampled retailers monitor water losses in percent, which misrepresents the actual volume. While a necessary step, California water loss legislation relies on the American Water Works Association Water Audit software. Verifying reported data for randomly selected retailers can ensure high data quality. Small retailers are exempt from mandatory water loss monitoring, and they need state support and resource pooling to improve their water distribution efficiency.
Introduction
Highly variable precipitation and rapid population growth led 20th century leaders in Los Angeles County to develop imported water for the majority (60%) of its water supply from three major sources, the Los Angeles Aqueduct supplied by the Eastern Sierra watershed, the Colorado River Aqueduct, and the California Aqueduct supplied by the Western Sierra. Groundwater extraction constitutes an average of 35% of the total water supply in the region. Conservation, local surface water diversions, and recycled water constitute the remainder of the supply.
In 2015, the Sierra snowpack was at a historical low at 5% of the average annual (California Department of Water Resources, 2015) . Due to the drought emergency, the Governor of California (2015) issued an executive order in April 2015 requiring urban water users to reduce water consumption. The State Water Resources Control Board (2015) issued emergency regulations for mandatory cutbacks averaging 25% to all urban water suppliers.
Additionally, the Governor encouraged water retailers to reduce leakages in distribution systems. The United States water distribution infrastructure loses about 46 billion gallons (1 gallon ¼ 3.78 litres) of water per day through main breaks (The White House, 2015) . Large main breaks can also cause severe property damage. For instance, in July 2014, the then 93-year-old water main on Sunset Boulevard in Los Angeles lost 10 million gallons (2% of the daily use of 3.4 million customers in Los Angeles city) and caused tremendous damage to property (Palmer et al., 2014) . The American Society of Civil Engineers (2012) reported significant deterioration in the potable water infrastructure in over 11,000 miles (1 mile ¼ 1.6 kilometres) of water mains in Los Angeles County.
Several studies have discussed the cost-effectiveness of infrastructure replacement and influential factors (Cohen et al., 2002; Colombo & Karney, 2002) . Recently, Water Systems Optimization (2011) conducted a study for Southern California Edison and the California Public Utilities Commission and demonstrated annual savings in water of 83 million gallons and energy of 500 megawatt hours for three utilities that used the American Water Work Association (AWWA) methodology for water auditing and cost-effective leakage intervention tools.
The water distribution efficiency of water retailers depends on their competence in maintaining and monitoring their distribution system, and financial resilience to rehabilitate infrastructure. The 2007 US Conference of Mayors assessed that the revenues collected by city departments in the United States can fund only 80-90% of the capital requirement for sewer and water infrastructure rehabilitation. Addressing this deficit of rehabilitation funding might require substantial increase in monthly service charges to customers (Sedlak, 2014) .
In this study, we reviewed existing California regulatory policy for minimizing water loss by water retailers and derived conclusions about new state legislation on real water loss monitoring, reporting, and data validation. We developed a survey to gauge the potential effectiveness of these regulations. It evaluated the water distribution efficiency, monitoring of real losses, infrastructure failures, and rehabilitation efforts for a sample of water retailers in metropolitan Los Angeles County. We also reviewed literature on regulatory and operational practices for minimizing losses to inform the interpretation of our survey results.
The agglomeration of water retailer jurisdictions in metropolitan Los Angeles County that we sampled from is shown in Figure 1 . We developed a sample survey, including in-depth interviews with approximately 10% (ten out of about 100) of the water retailers. For this study, we considered leakages as subsurface water losses, and breaks as water losses above the ground surface. We collected information on practices to estimate and report typical water loss, existing infrastructure maintenance strategies, and distribution system failures.
Literature review and background

Emergence of global water efficiency standards and practices
Reducing revenue losses was the prime motivation of water loss minimization. Our published report on this study reviews efforts by the International Water Association (IWA) Water Loss Task Force and Fig. 1 . Study area and potable water retailers in metropolitan Los Angeles County (Deshazo & McCann, 2015) . the AWWA beginning in 1987 (Naik & Glickfeld, 2015) . These efforts culminated into IWA/AWWA methodology called the 'best practice' standard water balance, shown in Figure 2 (Lambert, 2003) . Our study focuses on 'real losses', which are defined as 'the annual volumes lost through all types of leaks, bursts and overflows on mains, service reservoirs and service connections, up to the point of customer metering' (Lambert, 2003) .
The IWA surveyed several water retailers in England, Wales, California, Denmark, Norway, Sweden, Iceland, Finland, Japanese, and German cities, Australia, Singapore, and Malta to develop an International Dataset and a framework for determining water losses to prevent revenue loss (Lambert, 2001) . They deemed the term 'unaccounted for water' as obsolete as a metric for real losses due to its varying interpretations globally. Real losses as a percentage are not a suitable metric, because an equivalent percent real loss volume appears higher for regions with lower water consumption per connection. The percent water loss reported was about 15% for Australia and 6% for California, which may be heavily skewed by the difference in their daily water consumption per connection (Lambert, 2002) . The AWWA Water Loss Control Committee endorsed these recommendations in their 2003 committee report.
After its joint efforts with the IWA, the AWWA Water Loss Control Committee launched a free Water Audit Software in 2006, followed by several updated versions. The model used in the software includes certain assumptions for the user, such as estimating non-revenue volumes. The end product grades the Fig. 2 . IWA water balance (Lambert, 2003) .
water distribution system which grades the system with several performance indicators (American Water Works Association, 2016).
The US EPA and the Water Research Foundation jointly funded a study (Sturm et al., 2014) to review water loss reporting for state agencies, and member organizations for water utilities in Austria, New Zealand, Australia, and North America. Austria and Australia achieved very low levels of real losses in their distribution systems. Engelhardt et al. (2000) described that, in the UK, an external agency is responsible for overseeing the economic and water supply performance for the privatized water industry.
Water efficiency standards and regulations in the USA
We examined the assumptions behind maximum acceptable water loss percentage recommendations currently followed by water utilities. Recommendations regarding maximum water loss targets are scarce and date back to an article published by the AWWA in 1957 (American Water Works Association, 1957) . It noted that the water losses from well-maintained systems with a consumption of 100-125 gallons per capita per day (GPCD) can vary from 10% to 15% (Liston et al., 1996) . The AWWA later deemed this value obsolete in their committee report in 1996, due to significant changes in operating costs and technological resources. We observed that most sample retailers follow this standard.
In 2002, the US EPA completed 17 case studies of water conservation by urban water utilities across the USA and Canada (United States Environmental Protection Agency, 2002). Leak detection and repair is a key strategy in six out of 17 locations: Ashland, Oregon; Gallitzin, Pennsylvania; Houston, Texas; Massachusetts, New York City, and Seattle, Washington. None of the five utilities studied in California focused on leak detection and repair. Efficiency, 2016; Najjar & Barr, 2016) .
Existing measures for water loss monitoring in California
Since 1990, the California Department of Water Resources (DWR) has collected urban water management plans (UWMPs) from urban water suppliers (supplying more than 3,000 connections or 3,000 acre-feet annually; 1 acre-foot ¼ 1233.48 cubic metres) every five years, to help them ensure long-term water supply reliability. Until 2014, UWMPs were not required to differentiate between non-revenue water and real water losses. No particular water loss auditing methodology or a maximum allowed water loss standard was mandated for water retailers. Water losses from potable distribution systems were measured by many utilities as 'unaccounted for', or 'system water losses'.
The Water Act of 2009 convened an Independent Technical Panel (ITP) to advise the DWR on new demand management measures to improve water use efficiency. The ITP recommended reporting of real loss through AWWA audits from the past ten years as part of the UWMPs (Independent Technical Panel, 2014) . This recommendation became law when Senate Bill 1420 (Wolk, 2014) required that all water retailers submitting 2015 UWMP use the AWWA Water Audit Methodology from the AWWA M36 Manual to report real water losses.
Following that, Senate Bill 555 (Wolk, 2015) became law on September 9, 2015 to require submission of completed annual AWWA water audits by urban water suppliers to the State, and provide reports on measures adopted toward water loss reduction. The DWR will make these reports available on their website for public viewing and provide technical assistance to urban water suppliers, and the State Water Resources Control Board is also required to develop rules for performance standards for real loss volumes.
California Urban Water Conservation Council: an independent approach. The California Urban Water Conservation Council (CUWCC), now California Water Efficiency Partnership, was a membership organization of water suppliers to improve water usage efficiency. Member water retailers were required to include an assessment of real losses and the economic value of real loss recovery with the AWWA Water Audit Software biennially. The CUWCC also required a component analysis every four years which analyzed the estimated losses and their causes (California Urban Water Conservation Council, 2016) . This full-scale water audit was mandatory for member utilities, provided the unaccounted for water exceeded 10% of the total distributed volume (Dickinson, 2005) . Sturm et al. (2015) reviewed reporting frameworks and completed AWWA water audits from the CUWCC, the Delaware River Basin Commission, the Georgia Department of Natural Resources, the Tennessee Comptroller of the Treasury, and the Texas Water Development Board and investigated their validity. Thirty-three percent of the California water audits were either incomplete or contained implausible water loss estimates. The percent of invalid water audits increased from 26% to 38% from 2009 to 2012. These reports were primarily self-reported, without external validation.
Conclusions from the literature review
The most advanced efforts toward water loss reduction in California until the enactment of Senate Bills 1420 and 555 were voluntary (by CUWCC members). These efforts relied on self-reported data in the form of AWWA Water Audits. There was no regulatory standard for maximum allowed real water loss.
Our survey collected information on water loss audits, investments to maintain infrastructure, identify and fix the sources of leakage/breaks, and determine what retailers did voluntarily. The survey was aimed at answering the following questions and providing a snapshot of the current practices in metropolitan Los Angeles County to inform regulatory policy on water loss.
1. Are real water losses measured by water retailers, and if so, are these verifiable? 2. Are crucial best management practices followed by water retailers to minimize water losses? 3. How regularly do water retailers monitor and maintain their distribution system for water loss reduction? 4. How publicly accessible are data and measurements of water losses from a distribution system made by the water retailer? 5. How do water retailers of different sizes, types, and geographical location compare in addressing the above issues? 6. What is a reliable and accurate metric for real water losses for a water retailer irrespective of its size and type that can be validated via available data? 7. Do California's legal and regulatory requirements under the Urban Water Management Act ensure accuracy in reporting and accomplish real water loss reduction?
Survey methodology
Study area and sample set Metropolitan Los Angeles County includes all areas south and west of the Angeles National Forest in the County, as shown in Figure 1 . It includes approximately 100 water retailers (directly supplying to customers) with between 15 and approximately 680,000 connections (Cope & Pincetl, 2014; Cheng et al., 2016) . Types of water retailers in the county include city water departments and city water utilities, county water districts, county waterworks districts, municipal water districts, irrigation districts, nonprofit mutual water companies, and private independently owned water utilities (IOU) with independent authorizing legislation, governance, and customer accountability.
The number of connections served by this population of water retailers in this population follows a Gaussian distribution in the logarithmic form. While the population has a large number of smaller retailers, only a proportion of them are urban water suppliers. We used percentile ranking to bin the population into three size-based categories based on the number of service connections: retailers ranking below 50 percentile in size as small, between 50 and 75 percentile as mid-sized, and above 75 percentile as large retailers.
Using the retailer population and geospatial database, we developed a sample set of ten retailers distributed across type, size, and location of the statistical population. We only reported results and not names to protect the anonymity and confidentiality of survey respondents. We represented irrigation districts, county waterworks districts, and municipal water districts as 'special districts' (SD) to maintain anonymity.
We contacted 20 retailers (20% of population) and received responses from ten, indicating a 50% response rate. The sample was constituted of willing participants. When randomly selected water retailers in a category did not participate in the study, we substituted with random selections from the same categories to maintain an unbiased distribution in size, location, and type. We contacted three mid-sized retailers, to sustain our requirement for unbiased distribution of retailers, but did not receive a response. Hence, our analysis reflects the performance of small and large retailers only. We had a low response rate from SDs, hence the low representation. Figure 3 shows the final sample set. The two tables at the bottom left show the size categorization in our sample. The percentages in parentheses are the percentage of the total population that these types of retailers represent in our sample.
Data collection and analysis
We evaluated the retailers' responses for these seven criteria below which are most critical to water loss reduction according to currently available water loss reduction practices technologies based on literature review, the AWWA M36 manual, and reconnaissance interviews with local water supply experts.
1. Awareness and usage of AWWA Auditing (3 points) a. Aware of AWWA Audit: Some suppliers aware that such a tool exists. We aimed to distinguish such systems in the results (1 point) b. Used AWWA Audit once: The audit needs a minimum level of validation to be deemed accurate, but having conducted the audit at least once can reveal deficiencies in knowledge of the system (1 point) Fig. 3 . Final sample set for study.
c. Regularly used AWWA Audit: This category has suppliers that conduct the audit at regular intervals (1 point) 2. Infrastructure replacement (6 points) a. Program for regular meter replacement: Inaccurate meters can underestimate the flow volume that indicates leaks. We also considered attention given to different sizes of meters, as that shows the thoroughness of the program: small meters (1 point), mid-sized meters (1 point), large meters (1 point) b. Program for valve replacement: Obsolete valves can be points of vulnerability as are any aging fixtures in a distribution system: small valves (1 point), large valves (1 point) c. Program for regular pipe replacement (1 point)
As will be discussed in the Results section, distribution piping is frequently used several years beyond its expected lifespan. Apart from leading to water loss, obsolete piping also has a risk to contamination.
Leak detection and break monitoring (2 points)
a. Efforts towards implementing leak detection programs: Suppliers with leak detection programs in planning, pilot, and ongoing stages are awarded points. Leak detection programs require sophisticated equipment, but are the next step after water loss auditing for effective water loss control (1 point) b. Log maintenance of main breaks: In addition to water loss and property damage, main breaks can be an indicator of vulnerabilities in the system. Maintaining a log can point to frequent failures, which may occur due to conditions such as corrosive soils, traffic conditions, pressure variation, etc. This aspect indicates proficient planning of infrastructure rehabilitation (1 point) 4. Preventive maintenance (5 points) a. Program for regular meter testing: In addition to improving meter accuracy, meter testing is crucial to leak detection programs such as district metered areas: small meters (1 point), mid-sized meters (1 point), large meters (1 point) b. Program for regular valve exercising: In case of a pipe break, lack of valve exercising can cause difficulties in closing of valves, thus leading to large volumes of water loss: small valves (1 point), large valves (1 point) 5. Usage of smart meters (1 point) Planning, pilots, or ongoing programs for usage of automatic meter reading (AMR) and advanced metering infrastructure (AMI) are awarded points in this aspect. AMR improves metering records which in turn improve data quality in water audits. Additionally, AMI can reveal leaks on the customer side.
Monitor GPCD (1 point)
During the drought emergency in California, GPCD has been a reliable indicator used to monitor consumption statewide. Inability of the water supplier to monitor such basic parameters indicates a low capacity for monitoring the system. 7. Monitoring age and material of infrastructure with geographic information system (GIS) (1 point)
Knowledge of age and material of pipes by location is key to prioritizing infrastructure rehabilitation, using their typical lifespan. Also, leak detection correlators are instruments that detect leak locations by analyzing the transport of sounds of leaks through a certain material. This localizes the leak sufficiently for acoustic leak detectors.
We did not include pressure management as a criterion, as its benefit to each supplier is dependent on the nature of the distribution system. We did not assign weights to any of the sub-categories in the aspects considered, as all these best management practices are key in implementing an effective water loss reduction program. Additionally, maintaining public data is necessary to ensure effective monitoring. Accordingly, we formulated interview questions to collect data from water retailers in our sample (see Appendix, available with the online version of this paper).
We also assessed the participating water retailers based on their performance targets, shown below.
• Annual real losses in volume or percent • Percent of distribution pipeline replaced annually • Number of main breaks for every ten miles of distribution pipeline.
Due to the small size of the sample, it is not representative of the water suppliers in Los Angeles or California. Thus, this study is closer to a case study and the reader should not extrapolate these results to a larger population. We asked participating retailers for information to verify the data, such as reports, monitoring charts, and UWMP and awarded points accordingly.
Results and discussion
The survey results yielded findings regarding the degree of responsiveness of different entities for participation, public availability of data on distribution system water loss, infrastructure replacement standards, adoption of best management practices, and water loss estimates and metrics. All the following results and discussion are representative of our sample of water retailers. Any reference to the entire population is indicated explicitly.
Transparency and verifiability
Responsiveness to our survey request varied significantly across the sample. Despite serving a large consumer base in Los Angeles County, four of the six contacted IOUs declined to participate. Large city water retailers were responsive and provided documentation to verify their data. The small city had inadequate data and verifiability. It also discussed several economic and bureaucratic hurdles in implementing infrastructure maintenance and rehabilitation.
The MWCs were responsive to requests for information, but could not provide verification of the reported data. The Large SD from our sample was very responsive and provided verifiable information. Other contacted smaller retailers included two SDs, an MWC, and a City which were not responsive. We had a 50% response rate in surveying the contacted retailers, not including the ones unresponsive to follow-up questions.
Infrastructure replacement schedule
Most of the sampled retailers allocate annual budget funds for replacing a fixed number of miles of distribution pipeline. Six out of ten sampled retailers adopted this measure, whereas the other four replaced their distribution pipeline 'as needed'. Figure 4 shows the duration of time the sample suppliers will take for replacing the entire distribution pipeline relying on their currently adopted rate for pipe replacement for 2013.
The time needed to rehabilitate the sample retailers' entire distribution system with these rates of replacement ranges from 190 to 330 years. The reported typical life of the distribution pipes is 100-120 years, while that for very highly maintained pipes using state-of-the-art materials is about 140 years. Only two participating retailers successfully replaced their pipelines by the reported pipe lifespan. Except for these two participants, the rates of pipe replacement are highly inadequate to prevent failures due to pipe deterioration. Figure 5 shows the number of main breaks reported for all ten water retailers for 2013. To compare, we normalized the number of main breaks for each sampled water retailer by the total length of the distribution system. Factors such as material and age of pipes and storage facilities, construction quality, accuracy of valves and meters, soil acidity, high operational pressure and variation due to undulating topography, acute diurnal variation or overlying traffic density can strain distribution system components.
Two of the small MWCs claimed to have close to zero breaks in the entire year of 2013. The other small retailer had 26 main breaks every 100 miles of pipeline, which is high compared to large retailers that had 3-16 main breaks every 100 miles. Sturm et al. (2014) estimated the weighted average of failure frequency in distributions systems for North American water utilities from previous literature as 24.68 failures every 100 miles annually. The sampled water retailers reported lesser breaks than the national average, possibly due to the exclusion of sub-surface leaks from their estimate. Sub-surface leaks are major cause of water loss from distribution, due to the inherent difficulty in detection. Table 2 shows estimates for water loss in percent and volume per connection and if verification was provided. Only four out of ten sampled water retailers, all large, estimated real losses for their distribution system. The rest used the metric of 'unaccounted for water'. The reported real losses, about 3-4% of the total water supplied, are improbably low compared to national estimates of about 15-35% (United States Environmental Protection Agency, 2010). The volume of real loss per connection estimated from the reported percentages varied highly across the sampled retailers. The national average for Australian water utilities with more than 100,000 connections is 18 gallons per connection per day in 2011 (Sturm et al., 2014) . The column 'Verification' shows if the retailer was able to provide verifying documents for the corresponding data in Table 2 .
Monitoring and quantifying real water loss
Overall performance -best management practices
We determined the performance of the water retailers using the criteria described in the Methodology section. Figure 3 summarizes the performance of the sampled retailers. In the case of a lack of response from a sampled retailer, we excluded that retailer from this particular analysis. Owing to this process we could assess the overall performance for eight water retailers, as shown in Table 3 . The ticks represent meeting the criterion in the first column and wherever applicable, the second column. The crosses represent absence of any program or efforts towards the criterion in these columns. The sizes were as follows, for meters: small -less than 0.5 inch, mid-sized -0.5 to 1 inch, and large -greater than 1 inch (1 inch ¼ 2.5 centimetres).
The large cities sampled reported adhering to most of the best management practices, but their targeted pipe replacement is low. The small city lags in these practices and also had a high number of main breaks. The IOUs were almost at par with the cities in implementing these best management practices. The California Public Utilities Commission requires IOUs serving 10,000 customers or more to conduct and submit water loss audits in their General Rate Case applications (CPUC, 2006) . The MWCs performed poorly in preventive maintenance, awareness, and usage of the AWWA Water Audit and infrastructure replacement.
Recommendations and discussion
Six of the ten sampled water retailers measured only 'unaccounted for water', which does not separate real water losses from other non-revenue water. Only three sampled retailers regularly used the AWWA Water Audit to determine real losses. They cited deterrents to estimating real losses: (1) monitoring consumption over uncoordinated billing cycles; (2) lack of metering for non-revenue water users (for instance, parks and fire hydrants); (3) tracking supply volumes in interconnected networks with other retailers. One solution for estimating non-revenue water is to install meters at locations using unbilled water and avoid under-reporting.
Requiring urban water suppliers to submit the AWWA Water Audit annually is currently the California regulatory policy for water loss control. Mandating submission of the completed AWWA Water Audit without external verification of data quality may result in underestimated water loss values. Verifying submitted data of randomly selected water suppliers with monitored data records, similar to the privatized water industry of the UK, will improve data quality (Engelhardt et al., 2000) .
A maximum water loss standard of 10% is an obsolete standard for maximum water loss. We suggest prescribing realistic maximum real loss standards for retailers, after reviewing benchmarked data from SB 555 compliant water audits over a period of time. Also, while comparing retailers of different sizes, a similar percent water loss for a larger retailer implies a large volume, as shown in Table 2 . Measuring losses in volume units, such as 'gallons per connection per day' is a representative measure, especially for California's stringent conservation framework.
Auditing water losses, while an improvement on current practices, is not a complete solution for water loss reduction. Water suppliers need to develop infrastructure investment plans suited to their distribution systems. We suggest developing a compendium of the water loss reduction measures, 
Monitor number of main breaks (total 1 point)
Monitoring using GIS (total 1 point) especially for effective monitoring, that water retailers can adapt for their system using costeffectiveness studies. The AWWA M36 Manual (American Water Works Association, 2016) estimates that undetected subsurface leakages lose more water than surface breaks, which are typically detected quickly. Leak detection technology is necessary to locate undetected water losses. Yet, only four out of ten of the sample water retailers invest in leak detection technology. The sample water retailers had divided opinions about the effectiveness of available leak detection equipment. To obtain returns in revenue on the water saved, leak detection needs regular implementation, driven by cost-effectiveness analysis for repairing specific leakages. In the case of restricted budgets, small retailers could pool resources to buy or lease leak detection equipment within restricted budgets. As described in Table 1 , the State of Texas provides free rental leak detection equipment to water utilities.
Retailers serving under 3,000 connections are exempt from submitting water loss monitoring data to the state. In Los Angeles County, over 46,000 connections depend on small retailers serving under 3,000 connections. The CPUC also exempts IOUs serving under 3,000 connections from their water loss analysis. The State of Texas requires smaller water utilities to submit water audits at least every five years. As per our survey, smaller sample retailers performed poorly in following best management practices. The State of California should aid and train small utilities who cumulatively serve a large number of urban customers to pool resources, conduct practices to monitor and rehabilitate infrastructure. For instance, the State of Delaware provides outreach, while the State of Georgia has allotted funding for technical training and data validation for small utilities.
Conclusions
To support conservation requirements in California, minimizing water losses from infrastructure is crucial. Recent California legislation prioritizes this issue. State Senate Bill 1420 requires urban water suppliers to use the AWWA Water Audit methodology to monitor real water losses from infrastructure and Senate Bill 555 mandates the annual submission of the AWWA water audit. After surveying several types and sizes of water retailers in various locations in metropolitan Los Angeles, we conclude that this legislation was needed, as our sample showed great variation in water loss monitoring. As of 2014, 60% of our sample still relied on monitoring only 'unaccounted for' water as a measure of their system efficiency. Engaging an external authority to validate data and metering for non-revenue water can improve the efficacy of the AWWA Water Audit methodology. Recommending an average and maximum water loss standard in the metric 'gallons per connection per day' based on the collected data from valid water audits is crucial to resolving this issue.
In Los Angeles County, many pipelines are past their useful life, potentially causing tremendous water loss. Water retailers should monitor water infrastructure regularly and plan rehabilitation costeffectively to avoid loss in revenue and property damage claims. Decision-making for rate increases can be more informed by an accurate assessment of the distribution system. Assessment strategies have been made available by AWWA M36 Manual (American Water Works Association, 2016) and other literature reviewed in this study. State programs to provide technical assistance in implementing leak detection technology can benefit water suppliers.
In conclusion, strategizing best management practices and assessing cost-effectiveness of leakage repairs can improve management of water infrastructure and reduce water losses. Transparency and verifiability in information is crucial to implement such a system. Regulatory policy requiring regular monitoring of distribution systems, water audits from smaller utilities, external validation of collected data, with the eventual aim of using the benchmarked data to develop a standard for water loss is essential. With this paper, we have provided a glimpse of the current status of water loss reporting in urban Los Angeles County and its deficiencies. This paper also provides a context for upcoming policy decisions to reduce water losses through infrastructure, thus supporting conservation efforts.
